The duplex-and triplex-forming activity of oligonucleotide was photo-regulated by using the isomerization of azobenzene in the side chain. When the azobenzene was isomerized from the trans -form to the cis-forin by photo-irradiation, the melting temperatures of the duplex and triplex between the oligonucleotide and its complementary counterpart were significantly lowered.
INTRODUCTION
Recently, much interest has been focusing to chemical modification of oligonucleotides. However, there has been no report on the preparation of modified oligonucleotide which can reversibly alter the duplex-and triplex-forming activity in response to outer stimulus. If one can control the duplex-and triplex-formation by photoirradiation, a number of applications are promising. For this purpose, azobenzene-tethered oligonucleotides were synthesized.
1
In the present paper, we report the photoregulation of the duplex-and triplex-forming activity of oligonucleotide.
RESULTS AND DISCUSSION
n Synthesis of modified oligonucleotides carrying azobenzene The phosphoramidite monomers 1 and 2 carrying an azobenzene residue were synthesized according to Scheme 1.
All the intermediates and the products were purified by either recrystallization or silica-gel column chromatography, and characterized by NMR spectroscopy.
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The modified oligonucleotides were prepared on an automated synthesizer by using 1 or 2 and conventional phosphoramidite monomers, and were characterized by MALDI-TOFMS spectroscopy. In the following experiment, oligonucleotides carrying azobenzene synthesized from monomer 1 were used for the T m measurement. , and the ionic strength is kept constant at 1 mol dm" 3 by using NaCl.
Before the photo-irradiation, the azobenzene residue in XT 7 overwhelmingly takes the transform (about 90%). Under these conditions, the T m of the duplex of trans-XTy and dAg is 39.0 °C. This value is much higher than that (23.7 °C) of the duplex of the corresponding natural oligonucleotide Tg with dAg. The /ra/w-azobenzene tethered at 5'-terminus significantly stabilizes the duplex. When the trans-XTn was irradiated with UV light (300 nm <A< 400 nm), its azobenzene residue was promptly isomerized to the cis-form. Significantly, the T m value of the duplex with dAg was lowered to 27.8 °C on this isomerization. The decrease in T m , induced by the trans^cis isomerization of the azobenzene in the side chain, is as great as 11.2 °C. The c/5-azobenzene was again isomerized to the trans-form on irradiation of visible light (A>400 nm). The melting curve of the resultant solution was virtually superimposed on the one observed before the first UV irradiation. Similarly, the T m of the duplex of TXT 6 with dA 8 was significantly lowered by 14.1 °C (from 35.8 °C to 21.7 °C), when the azobenzene was isomerized from the frans-form to the cisform by the UV-irradiation. Thus, the duplex-forming activity of the oligonucleotide has been satisfactorily modulated by the cis-trans isomerization of the incorporated azobenzene induced by photo-irradiation. 31 Photo-regulation of triplex formation. The Tg/(dA) 8 portions formed from self-complementary DNA (a/t in Figure 1) is used for the triplex formation. The melting curve for the system composed of this DNA and the oligonucleotide trans-XTn (solid line in Figure  2 The T m value is 22.5 °C. The decrease in T m induced by the cis-trans isomerization is 12.2 °C. Thus, the triple-helix formation as well as duplex-formation is reversibly modulated by the photo-irradiation. The change in T m for both duplex-and triplex-formation, -10 10 30 50 70 90 T/°C (b) (solid line) and cis-XT 7 /dA 8 (broken line) , and the triplexes observed on the isomerization of the azobenzene, is probably associated with the changes in both the polarity and the structure of the azobenzene.
The transazobenzene is non-polar and planar so that it favorably stacks with the adjacent DNA bases. Thus, the duplex and triplex are stabilized.
On the other hand, the cisazobenzene is polar and non-planar, 4 making the duplex and triplex less stable. In conclusion, duplex and triplex formation of the modified oligonucleotides carrying azobenzene is successfully photoregulated without changing pH and ionic strength. The present results are promising for various applications in vivo and in vitro.
